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Abstract
The in-medium partial decay widths of Υ(4S)→ BB¯ in magnetized asymmetric nuclear matter are
studied using a field theoretic model for composite hadrons with quark/antiquark constituents. Υ(4S)
is the lowest bottomonium state which can decay to BB¯ in vacuum. The medium modifications of the
decay widths of Υ(4S) to BB¯ pair in magnetized matter, arise due to the mass modifications of the
decaying Υ(4S) as well as of the produced B and B¯ mesons. The effects of the anomalous magnetic
moments for the proton and neutron are taken into consideration in the present investigation. The
presence of the external magnetic field is observed to lead to different mass modifications within the
B(B+, B0) as well as the B¯(B−, B¯0) doublets, even in isospin symmetric nuclear matter. This is
due to the difference in the interactions of the proton and the neutron to the electromagnetic field.
This leads to difference in the decay widths to the neutral (B0B¯0) and the charged (B+B−) pairs in
the magnetized symmetric nuclear matter. In the presence of the magnetic field, the Landau level
contributions give rise to positive shifts in the masses of the charged B and B¯ mesons. This leads to
the decay of Υ(4S) to the charged B+B− to be suppressed as compared to the neutral BB¯ pair. The
difference in the decay widths to the charged and neutral BB¯ pairs is observed to be dominant for high
magnetic fields. The effects of isospin asymmetry are observed to lead to quite different behaviours
for the decay widths to the charged and neutral BB¯ pairs. The Υ(4S) → B+B− is not observed for
small densities at large magnetic fields. This should lead to the production of the charged B± mesons
to be suppressed as compared to the neutral B0 and B¯0 mesons at LHC and RHIC.
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I. INTRODUCTION
The study of hadrons, and more recently of heavy flavour hadrons [1] has been a topic
of intense research due to the relevance to high energy nuclear collision experiments. Due
to the isospin asymmetry in the heavy colliding nuclei in the high energy heavy ion collision
experiments, it is important to study the isospin asymmetry effects on the properties of the
hadrons resulting from these collisions. The magnitudes of the magnetic fields created in the
non-central ultra-relativistic heavy ion collision experiments have been estimated to be huge
(eB ∼ 2m2pi at RHIC, BNL, and eB ∼ 15m2pi at LHC, CERN) [2–5]. This has triggered extensive
studies on the effects of strong magnetic fields on the hadron properties which should show up
in the experimental observables of the heavy ion collision experiments. The effects of magnetic
fields have been studied on the in-medium properties of the heavy flavour mesons [6–11, 11–16].
However, the time evolution of the magnetic field created in non-central ultra relativistic heavy
ion collision experiments [17–21], which depends on the electrical conductivity of the medium
and needs solutions of the magnetohydrodynamic equations is still an open question.
The heavy flavour mesons have been studied extensively in the literature, using the QCD
sum rule approach [22–38], potential models [39–46], the coupled channel approach [47–53], the
quark meson coupling model [54–62], heavy quark symmetry and interaction of these mesons
with nucleons via pion exchange [63], heavy meson effective theory [64], studying the heavy
flavour meson as an impurity in nuclear matter [65]. The mass modifications of the charmonium
states have been studied from the medium change of the scalar gluon condensate calculated in
a linear density approximation in Ref.[66], using leading order QCD formula [67–69]. Within a
chiral effective model [70–72], generalized to include the interactions of the charm and bottom
flavoured hadrons, the in-medium heavy quarkonium (charmonium and bottomonium) masses
are obtained from the medium changes of a scalar dilaton field, which mimics the gluon conden-
sates of QCD [73–75]. The mass modifications of the open heavy flavour (charm and bottom)
mesons within the chiral effective model have also been studied from their interactions with the
baryons and scalar mesons in the hadronic medium [73, 74, 76–80]. The chiral effective model,
in the original version with three flavours of quarks (SU(3) model), has been used extensively
in the literature, for the study of finite nuclei [71], strange hadronic matter [72], light vector
mesons [81], strange pseudoscalar mesons, e.g. the kaons and antikaons [82–85] in isospin asym-
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metric hadronic matter, as well as for the study of bulk matter of neutron stars [86]. Using
the medium changes of the light quark condensates and gluon condensates calculated within
the chiral SU(3) model, the light vector mesons (ω, ρ and φ) in (magnetized) hadronic matter
have been studied within the framework of QCD sum rule approach [87, 88]. The kaons and
antikaons have been recently studied in the presence of strong magnetic fields using this model
[89]. The model has been used to study the partial decay widths of the heavy quarkonium
states to the open heavy flavour mesons, in the hadronic medium [74] using a light quark cre-
ation model [90], namely the 3P0 model [91–94] as well as using a field theoretical model for
composite hadrons [95, 96]. Recently, the effects of magnetic field on the charmonium partial
decay widths to DD¯ mesons have been studied using the 3P0 model [97] as well as using the
field theoretic model of composite hadrons [98]. In the present work, the effects of magnetic
field on the partial decay width of Υ(4S) to BB¯ have been investigated within field theoretical
model of composite hadrons.
The outline of the paper is as follows : In section II, we describe briefly the field theoretic
model of composite hadrons with quark/antiquark constituents. The decay width of the Υ(4S)
to BB¯ is calculated within the model using the explicit constructions for the bottomonium state
Υ(4S) as well as the B and B¯ mesons in terms of the constituent quark/antiquark operators
and the matrix element of the quark antiquark pair creation term of the free Dirac Hamiltonian.
The in-medium decay width is calculated from the medium modifications of the masses of the
decaying bottomonium state, as well as the produced B and B¯ mesons in the magnetized
asymmetric nuclear matter. In section III, we discuss the results obtained for these in-medium
decay widths in asymmetric nuclear matter in presence of strong magnetic fields. In section
IV, we summarize the findings of the present study.
II. Υ(4S) → BB¯ IN A FIELD THEORETICAL MODEL FOR COMPOSITE
HADRONS
We use a field theoretical model for composite hadrons with quark/antiquark constituents
[99–101] to investigate the effects of strong magnetic fields on the decay widths of bottomonium
states to BB¯. The model has been used for calculating the in-medium partial decay widths
of the charmonium (bottomonium) states to DD¯ (BB¯) in hot strange hadronic matter, as
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well as, for studying the effects of magnetic fields on the decay widths of charmonium states
decaying toDD¯. In the model, the decay width is calculated using explicit constructions for the
heavy quarkonium as well as the open heavy flavour (charm, bottom) mesons, and the quark
antiquark pair creation term of the free Dirac Hamiltonian, written in terms of the constituent
quark field operators. The decay amplitude is multiplied with a strength parameter for the
light quark pair creation, which is fitted to the vacuum partial decay widths of the lowest
quarkonium state (ψ(3770) for charmonium state and Υ(4S) for bottomonium state) which
can decay to DD¯ or BB¯ in vacuum. The present paper investigates the partial decay width
Υ(4S) to BB¯ in magnetized isospin asymmetric nuclear matter. The modifications to the decay
width are computed from the mass modifications of the Υ(4S) as well as B and B¯ mesons in
the magnetized matter, calculated within the chiral effective model [10, 12].
For Υ(4S) decaying at rest to B(p)B¯(−p), the decay width has already been calculated using
the field theoretical model for composite hadrons with constituent quarks and antiquarks, in
Ref.[96]. For the sake of completeness, we briefly describe the computation of the decay width
of Υ(4S) → B(p)B¯(−p) in this section. The results obtained for these decay widths in
magnetized nuclear matter will be described in the next section. For the decay of Υ(4S) at
rest to B(p)B¯(−p), the magnitude of p is given as
|p| =
(
mΥ
2
4
− mB
2 +mB¯
2
2
+
(mB
2 −mB¯2)2
4mΥ2
)1/2
. (1)
In the above, mΥ, mB and mB¯ are the in-medium masses of the bottomonium state (Υ(4S) in
the present investigation), B and B¯ mesons respectively.
The field operator for a constituent quark for a hadron at rest, (as the case for the bottomo-
nium state decaying at rest) at time, t=0, is written as
ψ(x) = (2π)−3/2
∫ [ f(|k|)
σ · kg(|k|)

 qr(k)ureik·x +

 σ · kg(|k|)
f(|k|)

 q˜s(k)vse−ik·x
]
dk, (2)
where, the operator qr(k) annihilates a quark with spin r and momentum k, whereas, q˜s(k)
creates an antiquark with spin s and momentum k, and these operators satisfy the usual
anticommutation relations
{qr(k), qs(k′)†} = {q˜r(k), q˜s(k′)†} = δrsδ(k− k′), (3)
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and, the functions f(|k|) and g(|k|) satisfy the constraint [99], f 2+ g2k2 = 1, as obtained from
the equal time anticommutation relation for the four-component Dirac field operators. These
functions, for the case of free Dirac field of mass M , are given as,
f(|k|) =
(
k0 +M
2k0
)1/2
, g(|k|) =
(
1
2k0(k0 +M)
)1/2
, (4)
where k0 = (|k|2 + M2)1/2. In the above, M is the constituent quark mass, which has been
assumed to be momentum independent [95, 96] in the present work. We also take the low
momentum expansions for the the functions f(|k|) ∼ 1 − (g(|k|)2k2/2) and g(|k|) ∼ 1/2M
[95, 96].
For a hadron in motion (as for the case for the outgoing B and B¯ mesons), the field operators
for quark annihilation and antiquark creation, for t=0, are obtained by Lorentz boosting the
field operator of the hadron at rest. The field operators for the constituent quark and antiquark
of a hadron with four momentum p, are given as [101]
Q(p)(x, 0) = (2π)−3/2
∫
dkS(L(p))U(k)QI(k+ λp) exp(i(k+ λp) · x) (5)
and,
Q˜(p)(x, 0) = (2π)−3/2
∫
dkS(L(p))V (−k)Q˜I(−k + λp) exp(−i(−k + λp) · x). (6)
In the above, λ is the fraction of the energy of the hadron at rest, carried by the constituent
quark (antiquark).
The explicit construct for the state for the bottomonium state Υ(4S) with spin projection
m at rest, assuming harmonic oscillator wave functions for the bottomonium states, is given as
|Υm(~0)〉 =
∫
dk1b
i
r(k1)
†u†ru4S(Υ,k1)σmb˜s
i
vs(−k1)|vac〉, (7)
where, i is the color index of the quark/antiquark operators, and,
u4S(k1) = − 1√
6
√
35
4
(
R2Υ(4S)
π
)3/4 (
1− 2R2Υ(4S)k21 +
4
5
R4Υ(4S)k
4
1 −
8
105
R6Υ(4S)k
6
1
)
× exp
[
−1
2
R2Υ(4S)k
2
1
]
. (8)
In the above, the factor 1√
6
refers to normalization factor arising from degeneracy factors due
to color (3) and spin (2) of the quarks and antiquarks. The B0 and B¯0 states, with finite
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momenta, are explicitly given as
|B0(p′)〉 =
∫
di2r (k3 + λ1p
′)†u†ruB(k3)b˜s
i2
(−k3 + λ2p′)vsdk3. (9)
and
|B¯0(p)〉 =
∫
bi1r (k2 + λ2p)
†u†ruB(k2)d˜s
i1
(−k2 + λ1p)vsdk2, (10)
where,
uB(k) =
1√
6
(
RB
2
π
)3/4
exp
(
− RB
2k2
2
)
. (11)
The charged states B− (B+) mesons at finite momenta are obtained by replacing the d†(d)
in the states for B0 (B¯0) by u†(u). In the above, λ1 and λ2 correspond to the fractions of
the energy of the hadron carried by the constituent quark/antiquark. These are determined
by assuming that the binding energy of the hadron shared by the quark/antquark is inversely
proportional to the quark/antiquark mass [95, 96, 100].
The matrix element of the quark-antiquark pair creation part of the Dirac Hamiltonian
density, between the initial and the final states, Mfi is evaluated to calculate the partial decay
width for the reaction Υ → B¯0(p) + B0(−p). The expression obtained for the partial decay
width of the bottomonium state, Υ(4S) decaying at rest to B0B¯0 pair, after averaging |Mfi|2
over spin, is given as [95],
Γ(Υ(4S)→ B0B¯0) = γ2Υ
1
2π
∫
δ(mΥ(4S) − p0B0 − p0B¯0)|Mfi|2av · 4π|pB0 |2d|pB¯0 |
= γ2Υ
8π2
3
|p|3p
0
B0p
0
B¯0
mΥ(4S)
AΥ(4S)(|p|)2 (12)
In the above, p0B0 = (m
2
B0 + |p|2)1/2, p0B¯0 = (m2B¯0 + |p|2)
1/2, and, |p| is the magnitude of the
momentum of the outgoing B0(B¯0) mesons. The decay of Υ(4S) to B+B− proceeds through a
uu¯ pair creation and the decay width (12) is modified to
Γ(Υ(4S)→ B+B−) = γ2Υ
8π2
3
· |p|3p
0
B+p
0
B−
mΥ(4S)
AΥ(4S)(|p|)2 (13)
In the above, p0B± = (m
2
B± + |p|2)1/2, and, |p| is the magnitude of the momentum of the
outgoing B± mesons. The expression for AΥ(4S)(|p|) is given as
AΥ(4S)(|p|) = 6cΥ(4S) exp[(aΥ(4S)b2Υ(4S) −R2Bλ22)|p|2] ·
(
π
aΥ(4S)
)3/2
6
×
[
F
Υ(4S)
0 +
3
2aΥ(4S)
· FΥ(4S)1 +
15
4a2Υ(4S)
· FΥ(4S)2
+
105
8a3Υ(4S)
· FΥ(4S)3 +
105× 9
16a4Υ(4S)
· FΥ(4S)4
]
. (14)
In the above equation, F
Υ(4S)
i (|p|)’s, i = 0, 1, 2, 3, 4, have been computed in Ref. [96], which
for sake of completeness, we quote in the following.
F
Υ(4S)
0 =
1
2
(bΥ(4S) − 1)(bΥ(4S) − λ2)(3bΥ(4S) + λ2 − 4)g2|p|2
×
(
1− 2R2Υ(4S)b2Υ(4S)|p|2 +
4
5
R4Υ(4S)b
4
Υ(4S)|p|4 −
8
105
R6Υ(4S)b
6
Υ(4S)|p|6
)
F
Υ(4S)
1 =
g2
6
(
9(bΥ(4S) − 1)− 2(3bΥ(4S) − λ2 − 2)
)
+
g2|p|2R2Υ(4S)
3
[
(−5bΥ(4S) + 3)(3bΥ(4S) + λ2 − 4)(bΥ(4S) − λ2)
− 9b2Υ(4S)(bΥ(4S) − 1) + 2bΥ(4S)(3bΥ(4S) − λ2 − 2)(3bΥ(4S) − 2)
]
+
4g2|p|4R4Υ(4S)b2Υ(4S)
15
[
(7bΥ(4S) − 5)(3bΥ(4S) + λ2 − 4)(bΥ(4S) − λ2)
+
9
2
(bΥ(4S) − 1)b2Υ(4S) − bΥ(4S)(5bΥ(4S) − 4)(3bΥ(4S) − λ2 − 2)
]
− 8g
2|p|6R6Υ(4S)b4Υ(4S)
105
[
1
2
(9bΥ(4S) − 7)(3bΥ(4S) + λ2 − 4)(bΥ(4S) − λ2)
+
3
2
b2Υ(4S)(bΥ(4S) − 1)−
1
3
bΥ(4S)(3bΥ(4S) − λ2 − 2)(7bΥ(4S) − 6)
]
F
Υ(4S)
2 =
1
3
g2R2Υ(4S)(−9bΥ(4S) − 2λ2 + 5)
+
4
5
g2R4Υ(4S)|p|2
[
b2Υ(4S)(7bΥ(4S) − 5)
+
1
6
(3bΥ(4S) + λ2 − 4)(bΥ(4S) − λ2)(7bΥ(4S) − 3)
− 2
15
bΥ(4S)(3bΥ(4S) − λ2 − 2)(21bΥ(4S) − 10)
]
+
4
5
g2R6Υ(4S)|p|4b2Υ(4S)
[
− 1
7
b2Υ(4S)(9bΥ(4S) − 7)
− 4
15
bΥ(4S)(bΥ(4S) − λ2)(3bΥ(4S) + λ2 − 4)
−1
3
(bΥ(4S) − 1)(bΥ(4S) − λ2)(3bΥ(4S) + λ2 − 4)
7
+
2
105
bΥ(4S)(3bΥ(4S) − λ2 − 2)(45bΥ(4S) − 28)
]
,
F
Υ(4S)
3 =
2g2
15
R4Υ(4S)(15bΥ(4S) + 2λ2 − 5)
+
4
5
g2R6Υ(4S)|p|2
[
− 4
5
b3Υ(4S) − (bΥ(4S) − 1)b2Υ(4S)
− 2
21
bΥ(4S)(bΥ(4S) − λ2)(3bΥ(4S) + λ2 − 4)
− 1
21
(bΥ(4S) − 1)(bΥ(4S) − λ2)(3bΥ(4S) + λ2 − 4))
+
2
105
bΥ(4S)(3bΥ(4S) − λ2 − 2)(27bΥ(4S) − 10)
]
,
F
Υ(4S)
4 = −
4g2R6Υ(4S)
35× 9 (21bΥ(4S) + 2λ2 − 5). (15)
In the above, the parameters aΥ(4S) and bΥ(4S) are given as
aΥ(4S) =
1
2
R2Υ(4S) +R
2
B; bΥ(4S) = R
2
Bλ2/aΥ(4S), (16)
with RΥ(4S) as the radius of the bottomonium state, Υ(4S), and,
cΥ(4S) =
1
6
√
6
(√
35
4
)(
R2Υ(4S)
π
)3/4
·
(
R2B
π
)3/2
. (17)
The parameter γΥ, has been introduced in the expressions for the decay widths of Υ(4S) →
B0B¯0(B+B−), which is a measure of the production strength of the BB¯ pair from the Υ-state
through light quark antiquark pair (dd¯ or uu¯) creation. In the present investigation of the
bottomonium decay widths, the parameter, γΥ is fitted from the vacuum decay width for the
channel Υ(4S)→ BB¯ (Υ(4S) is the lowest Υ-state which decays to BB¯ in vacuum). The decay
widths of the bottomonium state depend on the magnitude of B(B¯) meson momentum, |p| as
a polynomial function multiplied by an exponential factor, as can be seen from the expressions
given by equations (12) and (13). The medium modification of the decay width is due to the
mass changes of the bottomonium state and the open bottom mesons, which are incorporated
in |p| given by equation (1).
III. RESULTS AND DISCUSSIONS
The in-medium decay widths of Υ(4S) → BB¯, are calculated using a field theoretic model
for composite hadrons in the present investigation. The model was used to study the partial
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decay widths of charmonium states to DD¯ as well as, of bottomonium states to BB¯ in hadronic
matter, at zero magnetic field [96]. The present work accounts for the effects of an external
magnetic field for the study of the in-medium decay widths of Υ(4S) to BB¯, which is the lowest
bottomonium state which can decay to BB¯ in vacuum. The anomalous magnetic moments for
the nucleons have been taken into account [102–109] in the present work. The decay widths
Υ(4S)→ BB¯, in magnetized nuclear matter, along with the decay widths for the sub-processes
(i) Υ(4S)→ B+B− and (ii) Υ(4S)→ B0B¯0, are plotted in figures 1 and 2 for magnetic fields,
eB = 4m2pi and eB = 10m
2
pi respectively. The density dependences of these widths are shown
in these figures for the isospin symmetric nuclear matter (η=0) as well as for the case of
asymmetric nuclear matter (with η=0.5). These are compared with the case of zero magnetic
field, shown as dotted lines.
In the presence of the magnetic field, the proton, being electrically charged, has contributions
from the Landau energy levels. The effects of the magnetic field are also taken into account in
the present work by considering the anomalous magnetic moments of the nucleons. In isospin
symmetric nuclear matter (ρp = ρn), the presence of magnetic field thus introduces differences
in the mass modifications between the B0 and B+ within the B doublet as well as between
B− and B¯0 within the B¯ doublet. The difference in the masses have additional positive mass
shifts for the charged B± in the magnetized matter, arising from the lowest Landau level. The
positive mass shifts of the B± are observed to lead to suppression of the decay of Υ(4S) to
B+B−, as compared to the decay to the neutral B0B¯0, as can be seen from the figures 1 as
well as 2. For eB = 4m2pi, as can be seen from figure 1, at zero density, the decay to B
+B−
is negligible (∼ 1.7 MeV) and the total decay width for Υ(4S) → BB¯ (∼ 12.4 MeV) is due
to the decay mode to the neutral BB¯ pair (∼ 10.6 MeV). On the other hand, in vacuum, the
partial decay widths for Υ(4S) → B+B− and B0B¯0, are 10.5 MeV and 10 MeV respectively,
with total partial decay width of 20.5 MeV. In isospin symmetric nuclear matter in presence of
magnetic field of eB = 4m2pi, the in-medium decay widths for the channels Υ(4S)→ B+B−, as
well as Υ(4S)→ B0B¯0, are observed to have an initial increase with density, followed by a drop
leading to vanishing of the decay widths at around 2.1 ρ0. Above this density, there is again
observed to be an increase in the decay widths followed by decrease with subsequent vanishing
of these decay widths at around a density of 3.8ρ0. These behaviours were observed for the
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case of zero magnetic field, and the values of the densities where the decay widths vanish, were
observed to be the same. In the asymmetric nuclear medium (with η=0.5), the partial decay
width for the decay mode Υ(4S) → B+B− is observed to vanish at a density of around 3ρ0,
whereas for the neutral BB¯ pair, the decay width is zero at densities of 2 ρ0 as well as 3.5ρ0.
The effects of the magnetic field on the decay widths of Υ(4S) → BB¯ are observed to be
much larger, as might be seen from figure 2. The value of the density above which the decay
of Υ(4S) → B+B− becomes possible, is observed to be around 0.4 (0.5) ρ0 for symmetric
(asymmetric) nuclear matter for eB = 10m2pi. The effects of the isopsin asymmetry are observed
to be much larger at higher densities for the higher magnetic field of eB = 10m2pi. The decay
of Υ(4S) → B+B− is suppressed as compared to the decay to B0B¯0 at low densities, should
show as a suppression of the production of the charged B and B¯ mesons as compared to B0
and B¯0, for example at LHC and RHIC, more prominently at LHC due to the higher magnetic
field created.
IV. SUMMARY
In the present work, we have used a composite model with quark/antiquark constituents, to
calculate the in-medium decay widths of Υ→ BB¯ in nuclear matter in the presence of strong
magnetic fields. The effects of the isospin asymmetry are observed to be large at high densities,
and more prominent for higher values of the magnetic fields. In the presence of strong magnetic
fields, the decay widths of Υ(4S) to the charged BB¯ are observed to be suppressed as compared
to the decay to neutral B0B¯0 pair. This is due to the positive mass shifts of the charged B+
and B− mesons, due to the contribution from the lowest Landau level in the presence of the
magnetic fields. These should show in the heavy ion collision experiments, as a suppression of
the charged B+B− as compared to the B0 and B¯0 mesons in RHIC and LHC.
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FIG. 1: (Color online) The decay widths for the bottomonium state Υ(4S) → BB¯ plotted as
functions of density for η = 0 and η = 0.5 and for eB = 4m2pi. The decay widths for the sub-processes
(i) Υ(4S) → B+B− and (ii) Υ(4S) → B0B¯0, as well as (iii) the total of these processes are shown.
These decay widths are compared with the zero magnetic field case, shown as dotted lines.
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FIG. 2: (Color online) The decay widths for the bottomonium state Υ(4S) → BB¯ plotted as functions
of density for η = 0 and η = 0.5 and for eB = 10m2pi. The decay widths for the sub-processes (i)
Υ(4S)→ B+B− and (ii) Υ(4S) → B0B¯0, as well as (iii) the total of these processes are shown. These
decay widths are compared with the zero magnetic field case, shown as dotted lines.
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